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Application For Research Grant 


NOV 12 1973 


Dote: 
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Name of lnve*tigator(*): (include Title and Degrees) Robert L. Herrmann, Ph.D. 

•w.-it'A-, v Associate Professor of Biochemistry 


fv.: Z Institution & 

- ^'y' V Address: 

■■ 

V, .*yf* A' tY 

3* Short Title of Project: 

3 jSKS;:y- • 

■■■ ■ ■:■'■■ ■ ■ ’-... 

:^;4. Proposed Storting Dote: March 1974 

•• . r . ■■ . • • ■' ' . 

•V V - '■ ,s * u - • . 

Anticipated Duration of this Specific Study: 3 years. 

••;V ’y.r’\V f -*■ .■*:£ * . . . ' 

• 6. Brief Descriptor! of Objectives or Specific Aims: 

, ’ * 

propose to examine the effects of various carcinogens on 
^.^nuclear protein phosphorylation. . . 


Boston University School of Medicine 
80 E.,Concord Street, Boston, Mass. 02118 


Effect of Carcinogens On Nuclear Phosphoproteins 
and Phosphorylating Enzymes 



systems present 
phosphorylate 

nuclear proteins. 

Examination of the effects of various carcinogens on these 
-ff g’c'isolated enzyme systems. - 

♦) Comparison with the corresponding enzymatic activities 
. isolated fi 

y ■ mice. 


from normal,carcinogen-treated and tumor-bearing 


“ *}£* d***'* - 




Give a Brief Statement of your Working Hypothesis: 

j>; ( Cont. on next page} 


Recent research has pointed out the 
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important role of nuclear protein phosphorylation in the regulation /^v*;.- •;,,. 
#^*of cell division and differentiation. In many animal and cell 

culture systems there is a co-relation between the functional state 
J|^iof a cell and its patterns of histone and non-histone chromosomal 

i vi /vrrjrorv\ af i rm ' MTr^vma 1 T \r Trc aVinn-rma 1 1 v mm T T f#»ra- 


vprotein (NHCP) phosphorylation. Normally vs. abnormally prolifera- 


cells and differentiated vs. embryonic or dededifferentiated 
f^cell types display characteristic differences in this regard. We 
'j^lPIpropose to examine the effects of various carcinogens on nuclear 
•‘^Mprotein phosphorylation with the expectation that these agents may 
'^^^'significantly alter the enzyme systems involved. Such alterations 
;4is*Smay possibly be closely correlated with the establishment of the 
neoplastic state. 
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t, Details of Experimental Design on d Procedure*: (Attach Separata Pages) - V *•'* ’ 

rUx 'Our interest; in nuclear protein phosphorylation stems from two 
types of observations, both of which bear on the cancer problem. 

1) Histones and NHCPs each display transient, tissue- and growth- 
specific patterns of phosphorylation which appear to relate to trans- 
criptive and replicative capability in the case of histones and to 
degree and quality of gene activation in the case of non-histones. 

2) Many virus particles possess phosphorylated protein moieties 
which may play similar roles in cellular, as well as viral replica¬ 
tion; and many of these viruses possess endogenous protein kinase 

^activity capably„of phosphorylating host cell as well as virion 
proteins in vitro . ~ .. - • * 

Many published studies substantiate the relationship between 
chromosomal protein -phosphorylation and the rate of cell division. 
Balhorn reports that in developing rat liver the level of Fl histone 
phosphorylation decreases from a high of 80£ to undetectable levels 
between 15-day embryonic and adult animals, when the mitotic index 
;^phas fallen to a few per cent of maximum. (Balhorn et al 1972a) (cont. 
VtM?. (Where Other then Administering Organization Indicate Geographical Location) 

mr ■?-?■■■ ■ 

ijfrlQ. Additional Requirements: none 

W?"* v* ... 




JilSs- 




■ ■ v • . • 


^ fliographioaf jUtchei of alt principal and provisional personnel (append) 

See Page 24. 


12. list of publieotJonsj (Five most recent experiment) (append) 
See Page 25. 
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R: REDACTED MATERIAL 



(1 st year) 




A. Salari« (Personnel by name*) .. . ^ . ^ Hum 

Professional Robert L. Herrmann, ' ' •*’* ** " 

■■ • ' - Principal Investigator * 15 


REDACTED 


Technical Assistant, to be 
selected *- J , 

'' ■, Fringe benefits 


i-f : . ‘ s , 

k. Coneumablo Supplies (list by categories) 

. • Radioisotopes 
.y Enzymes, Reagents 
c prugs . . • 

Glassware • 


REDACT ED 

redacted 


1,000 

500 




2,600 


xj V,f - C Other Expense* O^miz*) 

• "Animals - C57BL/6 &BABBC mice 
\ Animal Care . 

^ f !.**/■: ‘ ’ V v* 1 >--■*• y. 

**'*'.;■ ,r ::* : ' t v vv - r .n ; 


,*• Sob-Total 




.6 D. Permanent Equipment (Itemixe) i* - . __1 

Vi- ... - '-i'i'-J - :..Wi 

v‘v; -l.X Incubator-Shaker - Precision .. . : ;^V 
' Replacement Rotor •' v * 

Servall SS34 for RC2B centrifuge 
Fraction Collector Buchler fractomette 


1,000 


E. Overhead (15% of A+ B + C) 


2,250 

1,185 


11,335 


Estimated Future Requirements* 


Salaries Consumable Suppl. Other Expense! Permanent Equip. Overhead 

P\ 2.000 1,200 1.000_1.230 


10.430 


It It understood that the applicant and Institvtional 'officer! 
In applying for a grant have read and found acceptable 
the Council'* "Statement of Policy Containing Conditions 
Ond Term* Under Which Project Grants Are Made." 


Signature 

£*r#cf«Tkf hroj«£f A J 

Signoturi yj^ _ ‘ f /jpL./Sl 

Krw»*U *f fh# Irutitwtian 

// 


11,380 

(i.n) 2t>Z-</*-o 


Telephone 

517 262-4200' 

X6101 


Telephone 
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* We have applied to the U„ S. Public Health Service for funds 
as °l a ^ e an d characterize histone and non-histone proteins from 
chromatin of human colon and colon carcinoma and from 3T3 cells ^ 

"ti-t * 

: ^^^and their SV-40-transformed counterparts. Some of the purifica- 

tion work outlined in that proposal will follow similar proce- v'’— ; 

.;;^ : I*ures to those proposed here, but there are__so_.many differences 
involved in using mouse tissues and the in vivo studies with the 
mouse we regard the two proposals as essentially distinct. 



** The application to the Damon Runyon Fund is essentially 
, a duplicate of the present proposal. However, the breadth of the 
4-^proposal is so great that we would like to request consideration 
at least partial support even if the Damon Runyon grant _is__ 
''■f 1 .'"- :" funded. Th is would allow us an earlier start on both invitro 
,-2p- -i-i; and in vivo phases of the investigation and also to place greater 
emphasis on the tobacco smoke condemsate studies. 


- **?•*-. 
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Cont. from page 2. 

! H^-This extensive modification of fine structure of FI histone is also 
observed in regenerating liver. (Balhorri et al, 1971) Considerable 
.^^microheterogeneity due to phosphorylation of Fl is seen in rapidly 
dividing Morris rat hepatomas, mouse mammary carcinoma, Lewis mouse 
lung tumor, mouse skin melanoma, and Shear mouse glioma in log phase 
'^^ T culture growth versus stationary phase. 

M 


(Balhorn et al, 1972b). 


V ? ’ v 


,|£iThere is also a linear correlation between growth rate and Fl 
.^phosphorylation in the Morris series of minimal deviation hepatomas. ;■ 

• ... . • ' 

Others have shown (Gurley et al, 1973) that massive Fl and F3 
^•phosphorylation occurs during the G2-M transition in cultured Chinese 
hamster ovary cells. .. 

Langan has demonstrated a more limited and specific phosphoryla- 
tion of Fl which is stimulated in liver by glucagon or cyclic AMP 
:.$• .administration (Langan, 1968). Two amino acid sites - ser 37 and 
. -Vr-v'ser 106 - have been identified as the phosphorylated residues, but 
vjffi.'only the ser 37 site is modified by a cAMP- (and presumably glucagon-) 
'. ’dependent enzyme. This group has_alsg. demonstrated a 40-100% 

increase in template activity in vitro by reconstituting chromatin : 
with this specifically phosphorylated Fl histone. (Watson and 
. Langan, 1973) Others have shown an increase in ^H-Actinomycin D 
binding, as well as increased template activity, in calf thymus 
^^chromatin preparations treated with pineal gland protein kinase 
(Fontana and Lovenberg, 197 3). 




. ‘-fjv.jv. 




r*f'' 


Because of the foregoing evidence, it seems probable that 
-histones, especially lysine-rich Fl, play a structural role in the 
'maintenance and regulation of chromatin and that hormonally-mediated 
or proliferation-associated phosphorylation allows access of polym- 
. ' ./erizing enzymes to naked DNA by 1) removal of the proteins or 2) ,■ 

relaxation of steric or configurational restraints on the chromatin 
;(possibly-eupercoiling). This latter suggestion is supported by 
work (Adler et al, 1971) showing that in reconstituted Fl-DNA 
complexes, phosphorylated Fl is less effective than the unmodified 
. species in altering the DNA contribution to the circular dichroic 
spectrum of the complex, i.e. there is less interaction between 
phospho-Fl and DNA. 


. • • *5 

. -"V •. •.. : 


*“•“ * Vv X r v 

■y 

. - • •./ 


Evidence is also accumulating that levels and patterns of 
phosphorylation of other, acidic nuclear proteins (non-histone 
chromosomal proteins, NHCPs) are directly related to various 
parameters of differentiation or gene activation. Several groups 
(Shea and Kleinsmith, 197 3; Kostraba and Wang, 1972; Chae et al, 
1972; Martelo et al, 1970) have demonstrated tissue-specific 
patterns of NHCP .phosphorylation as well as tissue-specific 
spectra of NHCPs. Allfrey (1973) proposes a role for NHCP phos- . 
phorylation in the regulation of transcription and cites as evi- 
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; v f <3ence several key observations: 1) phosphorylated NHCPs 
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■ ^j^stimulate transcription in vitro from DNA of homologous tissue, 

^1^2) dephosphorylat'ion destroys this stimulatory effect, 3) uptake 
f 32 P in vivo correlates with gene activation in PHA-stimulated 
/lymphocytes and ecdysone-treated insect chromosomes, 4) in liver, 
'jV|‘cAMP and cortisol stimulate a selective phosphorylation of specific 
,^NHCPs, 5 ) cells with low levels of RNA synthesis, e.g. mature avian 
•^^erythrocytes, display decreased levels of NHCP phosphorylation, 

6 ) in synchronized He La cell cultures, the lowest levels of 
NHCP phosphorylation correspond to the G2-M phase of the cell cycle 
■fpiy/hen RNA synthesis is at a minimum. 

. ■ ... ' 

Ev i^ ence for phosphorylation-mediated activation of a specific 
/^‘protein of known function is provided by the work of Martelo (1973) 

■ .who reports that rabbit skeletal muscle protein kinase stimulates 
- DNA-dependent RNA polymerase from E. coli (with T4 phage DNA as tem- 
. plate) by selectively placing a phosphate on a single serine residue 
of the sigma factor. 

Taken together, all of these observations strongly suggest 
that abberations in the control of nuclear protein phosphoryla¬ 
tion may be crucial in fhe etiology of neoplastic growth. His- 
,tone phosphorylation, with its correlation to cell division rate, 
and NHCP modification, with its relation to gene activation, are 
thus•important to a complete understanding of the control of cell 
^^f unction. 


■ ■ - . 


_ As in the past, a clear definition of the nature of metabolic 

processes has depended on characterization of the associated enzymatic 
activities. Therefore, we propose to initially carry out an inves¬ 
tigation of the phosphorylating enzyme(s) (protein kinases or PKs) 
which catalyze these protein modifications in mammalian tissues. 

So far PKs which phosphorylate histone have been found in a wide 
variety of species and tissues. (Kuo and Greengard, 1969).cAMP- 
dependent kinases have been implicated in control of mammalian 
protein synthesis, (Walton et al, 1971) bacterial RNA synthesis, 

(Eron et al, 1971) and mammalian synaptic transmission, (Greengard, 
1973) as well as in glycolysis (activation of phosphorylase b). 

As of this writing, the enzymes responsible for NHCP and histone 
phosphorylation are poorly characterized, although the following 
mechanism is generally accepted (Kumon et al, 1972; Gill and Garren 
1971; Corbin et al, 1972) RC + cAMP <r=‘R-cAMP + C, where R represents 
one or more regulatory subunits, C is the active catalytic subunit, 
and RC represents the inactive holoenzyme. 


Several groups have reported the isolation of PKs from the 
nuclear compartment of various cell types; this finding is important 
^^in light of the importance of phosphorylated macromolecules in the 
nucleus. Reddon and Anderson (1972) have isolated four cAMP— 
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^independent PK activities from rat liver by phosphocellulose chroma- 
tography. Our laboratory has also resolved four enzymes, using DEAE 
^••chromatography (see below, under .Preliminary Work) It seems highly 
^^ikely that there should be at least two distinct kinase activities 
, iq ,nuclei, since, enzymes have been partially purified which prefer 
^either histones (Lake and Salzman, 1972? Takeda et al,.. 19.71; 

•^Siebert et al, 1971) or NHCPs (Martelo, 1973) but not both . The 
^^conflicting reports in the literature concerning cAMP-dependence of 
•^kinases isolated by various laboratories undoubtedly stems in part 
■ from transient or cell compartmenta1 fluctuations in cAMP levels 
*“(i.e., adenylate cyclase or cyclic nucleotide phosphodiesterase 
'./"activities) or artifactual concentration changes introduced because 
V of dilution during preparation. These dilutions could affect the 
equilibrium reaction described above. Other enzymes whose presence 
may hamper interpretation of data are the ATPases and phosphatases 
.which are present in most subcellular fractions, including nuclei. 

(A discussion of these problems and how they can be overcome is given 

in Corbin et al, 1973a,b) 

■ .■ . 

v. The system we have chosen for study is the C57BL/6 mouse, an 
animal we have studied for several years for possible age-dependent 
changes in chromatin template activity (O'Meara and Herrmann, (1972)). 
Early experiments will require only normal animals; later experiments 
will require carcinogin-treated and tumor bearing animals. At that 
J:ime we plan to treat a portion of our mouse colony with benzo(a) 
^Pyrene, tobacco smoke condensates, and urethane and to examine isolated 
. ^chromatin proteins and protein kinases. 


' * 


Because our mouse colony is presently being maintained as an 
aging colony, we plan also to examine the effect of age of both 
•carcinogen-treated and untreated animals upon the levels of nuclear 
• •'protein phosphorylation and protein kinase activity in liver and j 
lung tissues. 

Preliminary experiments have been carried out with rat liver 
with the goal of developing a satisfactory method of extracting 
protein kinase activity from whole nuclei, prior to an investigation 
of kinetics, substrate specificity, and regulation. Nuclei prepared 
by the Blobel and Potter method from rat liver have been carried 
through the successive Tris washes described by Huang and Huang 1969 for 
solubilization of chromatin. This technique involves two rinses 

in .075 M NaCl-,025 M EDTA, pH 8, followed by two washes in each of 
the following Tris buffer solutions, also pH 8: .05 M, .01 M, 

.002 M, .0004 M, and finally distilled water. Each wash begins by 
dispersion of the preceding pellet with a Potter-Elvejehm homogenizer 
and ends with a 7000g centrifugation. When these extracts were 
^assayed for kinase activity, it was found that 62% of the total nuclear 
activity was solubilized by the first three washes (two saline— 

EDTA and one .05 M Tris wash). This activity was stimulated three- 
fold by 5 x 10“ 6 M cAMP. The surprising finding that so much activity 


y, 

- -'-aX xi: 


■ ••-I 
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could be 
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released by such mild treatment of nuclei prompted us to 
repeat this type of experiment with dog lung tissue which possesses 
a higher degree of connective tissue infiltration, to insure that 
the technique would serve for the proposed lung studies, sub- 
cellular fractions were prepared according to the following scheme: 




Lung Tissue 


homogenate 
500g 
10 min 


Crude 


Clean 


nuclei 
8800g 
x60 min 
through 
2.3 m sucrose 
shelf 

nuclei 
wash with 
,. 05M NaCl- 
.0125M EDTApH 7.5 
then 7000g 
x 10 min 


Cytoplasm 

HOOg 
20 min 


Crude 

mitachondria 


CYT0S0L4-. 
MICROSOMES 

I 100,OOOg 
x 60 min 


MICROSOMES 


CYTOSOL 


EXTRACT 


EXTRACT 


Nuclei 

repeat with 
.10 M Nacl- 
.025 M EDTA , pH 7.5 

Nuclei 



The nuclear extracts were pooled and the subcellular fractions 
designated by UPPER CASE letters were assayed for protein kinase 
activity in our standard assay (see Methods section for details). 
The data shown in Table I verifies that low salt washing is suffi¬ 
cient to extract considerable protein kinase activity from whole 
lung nuclei. Also shown is the fact that the protein solubilized 
is much richer in PK activity than any cytoplasmic fractions. 
Experiments with these pooled nuclear extracts have allowed us to 
determine, approximate. pH optimum (6.0) (see figure 1) and 
for cAMP (5 x 10“^M) (see figure 2). These values doubtless re¬ 
present several histone-phosphorylating enzymes in dog lung cell 
nuclei and they will be re-evaluated as we fractionate and purify 
the enzymes. A similar study was also carried out with rabbit 
kidney cells to examine the effect of infection with herpes virus 
HSV-1. A significant difference between infected and non-infected 
cells was observed, as indicated in Figure 3. . . 
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< r ;' In an attempt to further resolve nuclear PK activities, we 
have chromatographed the .05 M and .10 M NaCl extracts this time 
from nuclei of rat liver, on DEAE-cellulose. Figure 4 below 
• shows the apparent resolution of four PK activities clearly. It 
'.'can be seen that the proteins extracted by .10 M NaCl are qualita- 
^•tively similar to those in the .05 saline extract (the uv-absorbing 
-material eluted at high ionic strength - 0.5 M KCl - probably 
^represents nucleic acid precursors and low molecular weight RNA). 

. Also to be noted is the marked enrichment of the PK (peak III in 
figure 3) eluting at 0.3 M KCl. This peak III is currently under 
investigation. 


'Table I. Protein kinase activity in subcellular fractions of dog lung. 


Enzyme source 
+ or - 5 uM cAMP 

[ig protein 

pmoles ^P 
transferred 

' pmoies ^P 
\iig protein 

cAMP 

stimulation 

- --——---1 

Combined nuclear 





extracts (+) 

9.2 

25,900 

2815 

1.6-fold 

Combined nuclear 


* .. 



extracts (-) 

9.2 

16,100 

1750 


Cytosol plus 
microsomes (+) 

395 

99,400 

252 ' 

3.7-fold 

Cytosol plus 
microsomes (-) 

395 

. 27,000 

68 


Cytosol (+) 

375 

277,000 

741 

4.0-fold 

Cytosol (-) 

375 

68,900 

184 


Microsomes (+) 

120 

' 4,900 

41 

2.2-fold 

Microsomes (-) 

120 

i 2,300 

! 

19 



O 

O 


C/l 

C/I 

h* 

CF5 
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Figure 4. Approximately 3 mg of .05 M(Panel A) and . 10’MfPanel B) Nacl' 
nuclear extracts was applied to a l'x' 10 cm DEAE-cellulose column and j 
eluted with a 100 ml gradient of 5-500 mM KC1' # lOmM Tris, pH 7.4. ' 

Fractions were assayed for protein kinase activity(standard- assay 1 

described in Methods) with cAM? included at 5 xlO~ 6 M. •• j 
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Stories are resolved into Fl phosphorylated 


IP'electrophoresis on 25cm gels. (Panyim and Chalkley, 1969) When 
Jpfdesired, fel histones are dephosphorylated by treatment with E. "coli T^|gp& 
alkaline phosphatase. (Balhorn et al, 1971). p-mercaptoethanol 
H?and NaHSO, will be included in the histone preparative buffers to 


HU la treatment tor tne isolation or mice's win ne eropioyea, 
^involving extraction of purified nuclei with 1.0 M NaCl followed 

1 1 l ‘ ^TiVrMfna ^Vv^rr-a Wh\r * "Ywanrr: 1Q67? TCam i vama and Wane. ' v 71<\5.V . 


^by DEAE-cellulose chromatography. "(Wang, 1967; Kamiyama and Wang, 




8 ince this method resolves significant quantities of phos- 
rot ein s," ”afkali^abfle 'phosphate content will be determined 7 V^^v'f ?. 

(Kleinsmith et al, 1966; Berenblum, 1938). NHCPs will be fractionated jr 
SDS-Tris gels according to the method of Van den Broek et al 
,^^^7/(1973). There is a gentle method for isolating histones and NHCPs ^/{$$*£> 
the same tissue, which we are currently experimenting with. •. 
Chromatin is prepared from nuclei by successively decreasing ionic 
^^^^^KStrength Tris buffer washes until the chromatin is finally solu- • 
bilized in distilled water (Huang and Huang, 1969) It is then 
• ^te f^sheared in a Virtis homogenizer in 3.0M NaCl; protein is separated ': : 4%£||U 
.‘^vfrom DNA on a Bio-gel A-50m column. Histones are removed from the 
■ v^jtiis-#: pooled protein peaks (after concentration) by chromatography on 6 *^; 

Bio-Res 70 and the NHCPs comprising the run-off from this column 


^ i : are fractionated on DEAE-cellulose. (Elgin and Bonner, 1972) 





Protein kinase isolation 5 ,assay,' and characterization 


IX ■ - , / i , . , w r 'L'"; , , . „ . ' - . . . 7;>r5 

ijgpM yOur standard assay for ^protein kindsd activity is a modifica- * 
p|jj!y?ff.tion of the method of Greengard et al (1969). It contains, in a total 


t ion of the method of Greengard et al (1969). It contains, in a total 
^m^-v'volume of 0.2 ml : 15 mM potassium phosphate buffer, pH 6.5; 2.5mM ' 

NaF;^ 0.3 mM EGTA; 2 .0 mM theophylline; 6.2xlO _8 M ATP having 10 5 -10 6 . 

; dpni of AT 32 P; 500 ^g of r taif thymus'whole'bistone; and enzyme . I'Y* 

;‘V. ’ preparation. When called for, cAMP is added at 5xlO“^M„ Incubation 

■J!y r**> -■ time, except for time-course studies, is fifteen minutes at 37 C. -Yy 
The reaction is stopped by addition of 2 ml of ice cold 20% TCA—0.25% 
NaW0 4 containing 0.1 M Na^PO^. 0.63% bovine serum albumin is 
added (0.2 ml) as a carrier protein. The precipitate is removed 
by means of a ten minute, 2500xg centrifugation and resolubilized 
in 1.0M NaOH. This procedure is repeated twice and the final 
precipitate is counted in NaOH and Aquasol in a liquid scintilla- -^7 
tion spectrometer. For determination of enzymatic incorporation 
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phosphate into endogenous_ protein, jthe, histone addition is, 
^omitted .'from the "above procedure. 1 , var.-.^ ir -wiu Z * Vcoi- 

>.#Jre|Irea-; Tx histo^ a_-_ -~r~T~- _'Z.Z 

KTL tiTa Tv3t*/\ ' ArVi^ 1 rtTro^l entTiara 1 •? aw - m A +"«*•’’ 
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have'employed several methods of PK preparation. ■• '.Total t£ 
^soluble PK can be prepared by the. Greengard method. Nuclear PK 
.activity has been prepared'by a variety of techniques .. (Talcada et 
faiy 1971; Lake and Salzman, 1972; Siebert et al, 1971) All involve 
salt extraction of nuclei. _A. further purification step involves'- ^ 

7 ji 1 ,! | T' “ f-1 T*» a. v> - '— — ~*" - „ ■ * * *•'* 

^chromatography on a phosphocellulose_or_DEAE cellulose column. -We 
kfiHd" that extraction of nuclei twice ; with .075M NaCl-i025 M EDTA"'® 


?V.'V 

■ ’ ; ,y *«■?*' - *'i *“/ 

’•3rt0>.. 


• V Iv-V-'P »t : -/ U v 


>pH 8, followed by'two washes with 0.05 Tris pH 8 is sufficient to 
*■ extract more than 60% of the kinase activity from preparations of 
rat liver nuclei. We plan to determine optimum salt concentration. 



sw-pH of extraction, arid cellulose chromatography conditions "for “the 
^''“^ioh of this soluble or weakly bound fraction of kinase 

which is either 
determine the 




"^^^^actiyity, as well as the residual PK activity, 
^B^cihromatin- or nuclear membrane-bound. We will < 






‘^f^Qfeasibility °f an early gel filtration or DEAE-Sephadex step to - 
v»^^ se Parate holoenzyme from .activated catalytic subunit and cAMP ' ; r '\ 
i^^bound regulatory subunit.' We are also investigating the possi- 

bility bf preparing an affinity column of purified Fl histone ) •. 
t^>^fcoupled to Sepharose 4B. (Cuatrecasas and Anfinsen, 1971) 
’M^.ZXizyJDB preparations which have been purified through one or two 


• •+ *-«■*, I*-' 

v*; v£v *\\\ 


Y DEAE steps will be passed through this affinity column and PK 
i~,«.vwill be specifically eluted with excess Pi histone. Alternative 
sj^J^purification procedures will include isoelectric focussing or 
"^^^rsucrose"gradient"centrifugation7^ All enzyme preparations will 
3 §P§§J : be assayed for ATPase and phosphodiesterase activity by the ‘ 

l^&Ymethod of Corbin et al (1972) . Since pre-existing levels of acti- 
V^^vation prior to PK preparation are important in dictating the i- 


... jVVp (• 

* * • “.v v i WC ’‘‘Mi £' 


^physical state of the holoenzyine^Xand^since degree .of activation ^ r ,. 
JSSfoff c2VMP dependent PK is "related to cAMP levels) all tissues will be 










J^f assayed for cAMP with the assistance of Dr <,-Peter Polgar r ^of - our 
^VDepartment of Microbiology/ who has extensive experience in the 


;o; ’■ -*> ■» 
.. & 




measurement of cyclic nucleotide concentration and adenyl cyclase 
activity• (Polgar et al, 1973)* Whole tissues, of course, will 

alert Vwo, rr 1 1 <o* T>XT ar*f luifw anr? TP ' r, \ L ' 


also be assayed for g ross levels of PK activity and cyclic 
■r^Vnucleotide response* 


; ■ ... 

- V * • 


"Purified PK activities will be electrophoresed (on SDS gels), 
. ^centrifuged in sucrose gradients, and run on Sephadex columns to 


determine molecular weights. Kinetics of 32 P transfer will be 


examined and optimum temperature determined. Optimum metal ion 
concentrations and ionic strength will be investigated as well as 


c 


the K m for cAMP, ATP, and substrate. 
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In order to determine natural substrates for the kinase 
activities isolated, we will add whole histone or NHCP prepared .. 
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|from mouse tissues to the standard protein kinase assay in 
£lieuj>f calf thymus histone. ..The final TCA precipitate j^i11 
^tberrbe divided and electrophoresed on-identical urea (for 
□histones) or SDS-Tris (for NHCPs) gels. One gel will be ‘ 

^'stained and scanned for protein.... The other will be sliced . _ . 

®^and~ counted for determination of the extent of 32 P incorpora-1'; 

^tlon‘into protein peaks, in addition, we will attempt to !•‘'S® 58 ** 

.utilize the new method of two-dimensional gel. electrophoresis . 

|a[Orrick et al, 1973) of nuclear, proteins to .determine_dif ferences .£ 
^between control cells and cells from carcinogenrtreated_animaisl i ^~ , 

$®hi's technique,‘'Which"yields better resolution of NHCPs than 

(Ordinary one-dimensional electrophoresis, should allow us_ to Vj '• :/&$$$ 
Ijfe'&etermine cancer—specific phosphorylated nuclear acidic proteins. ■-*il 

the other hand, our current gel system for histones is quite : ; "vv^-C'/.v 

^^Jtd^iua'te 1 "'for"ih^estiga-tiorr crf--these'-proteins. : - Alternatively, 
.'^I^^Aucieoprotein fractionated by the methods described in the 

section will be utilized as substrate in the standard 
'assay. Protein will be determined in the TCA precipitate, 

realized with respect to assay conditions and protein concen- 
: ^^^tration, and in this manner relative substrate preference of 



iSf* it - *** 




enzyme(s) will be-ascertained. 


■wS^r-'N^-• d) 


Carcinogen Studies 




,V ^.^7;. rs. Following the isolation and partial purification of the 
^p£nuclear ^ K ' s we next propose to examine the effects of various 
iyr.'- "c arcinogens which have been implicated in the alteration of the 
‘^^^^Structure arid function of DNA and to compare their effects with those ’y$rt£i 
'tobacco -smoke condensates.'—These known carcinogens include 


.i*_v 


agents such as the nitrosamides and alkane sulfonates 
|j$| which have been shown, to act-directly.at.the_DNA_and .RNA levels to 
abdut alkylation'of the N7 position of guanine, the Nl and N3 
< position of adenine and the Nl position of cytosine. In addition, 
will examine the ethylating-reagent nitrosoethylurea which has 
s.^r'afal s ° been shown to directly alkylate the N7 position of guanine. 
7 4-;i? , : These studies have been reviewed by Magee and Barnes (1967). 

Inhibition studies will be carried out with levels of carcinogen 
"'S-. 'iv'HVhich approximate the physiological''concentrations effective in 
^ : ^ carcinogenesis. Comparison with tobacco smoke condensate will be 
V. carried out using the preparative technique of Sydnor, Allen and 
Higgins (1972). 
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Although the nitrosamides and alkane sulfonates are believed, 
generally, to function directly, without the requirement of metabolic 
conversion to an active form, it is planned to examine their effects 
in the intact mouse with the expectation that there may well be • ^x, 

significant effects which are secondary to their alkylating activities ? 
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’pt^y - depend upon .additional_jnetabolic_steps. Mice will be 
^ sifi’jected with NMethyl-nitrosourea 100 mg/kg body'weight) or 
^ymethylmethane sulfonate (50 mg/kg body weight) and liver and lung 
tissue'removed.and treated for the_isolation of nuclear phospho- 
£ proteins ..and PK’s as described above.: . ve ytll- apr ‘ ^ t ~ - * v^v 

if^vS^Because the carcinogens _of the N.-nitrosamine group hav^been 5 ? J y 
^detected in tobacco smoke condensate. (Rhoades, and Johnson,''1972) , 
"£.we^aisp plan to study the very potent carcinogen, dimethylnitroso- 
^amine (20mg/kg body weight) which is known to require prior metabolic 

Here, BALB/c mice will be used as - 
fewell as C57BL/6 mice', and newborn mice will be used as well as 
| p;a dult animals. (Toth^et-al r .-lB64) w---<K>mparison with the''effects of 
whole tobacco smoke condensate will be carried out with the water- 
soluble extract prepared as described by Sydnor et al (1972) , r 
? ^^ v administered in the dose range 0.25-1.0 mg/ml of 5 % sucrose solution, 
'^“^in the drinking water. Special care will be devoted to the possible 
^^^presence of new or altered PK's in the carcinogen-treated animals; 
'Jljl^any such enzymes would be thoroughly examined as a possible target 
*P^£or “a new chemotherapeutic approach. ' 
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ev ;•* Potential. Importance. of ..this Work to the Cancer Problem s >? 
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etiology of cancer has. been variously associated 'with cell 
:iSiM3^tiiiterations leading to cell proliferation ^or - dedifferentiation. We 
££have• attempted to show the crucial position which nuclear protein 
|phosphorylation appears to occupy in the regulation of these Jf'i 

l| metabolic processes. ■ ..Our pro]—~~‘ l - 1 - *- v ~ - 1 - J —-—"' v ‘ 

tof'the 'enzymes and substrates 

^process,!and includes a., comparison both . in vitro and "in vivo . •■.: 

p^of"carcinogenic agents, which are known to function at the nuclear '*j**$£^ 
$j£level, "with tobacco smoke, condensate. Our overall goal is to seek A '“ •> 

^P^'for new or altered nuclear phosphorylating enzymes which appear as ' 

8&*~the-result of v carcinogen, treatment <>■<-> to.,fully characterize these- 
^^< w Sctivities and to describe the mechanism of their production. 

>• r.„- •. - . ...... 




Previous work by applicant 


^^^.vEast studies from this laboratory which relate to this ■ 

.7$!$>vP ro P°sal follow two lines. :We have been interested in the effects 
the. .acridine dyes upon the replication of. the episomal F factor 
£- c °li strain K-12. (Samaha et al 1967) and our most recent 
results have posed the interesting possibility that. thg__acridines 
'f ’can function as inhibitors of DNA polymerase I in E„ coli not only 
•• v f?.-by binding to the DNA substrate but also by binding - apparently at 
"^S'rj’the active site - to the enzyme. (Eberhard and Herrmann, 1972) . 
•.^ifeh'Our .’second line of interest has covered possible age-dependent ’ 

modifications in the structure and template activity of mouse liver 

J ;^^^Vchromatin (O'Meara and Herrmann, 1972). We therefore feel confi- 
'Ih&dent that we can carry out the enzyme isolation and kinetic studies 
fpjoutlined in this proposal, and we have had considerable experience 
ptwith the preparation of mouse chromatin and its fractionation into 
■ iffijjE fe.'histone and non-histone components. ;V.'—' _... . 

We have also worked with the cyclic AMP-dependent differentia- 
.tion of the mouse C1300 Neuroblastoma cell in tissue culture 
trf:'*. (Burstein, Neumann and Herrmann 1972) and this has given us some 
• ; /£appreciation for the intricacies of cyclic AMP involvement in 
metabolic control processes. 
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|^;.9. The proposed work would be carried out in the laboratory of - 
||£#'the' principal investigator in the Medical Research Building of 
£§£ : ".the Boston university Medical Center. The laboratory occupies 
&|v|'1200 sq. ft. and includes a room for high voltage and disc gel 

electrophoresis and a large laboratory for enzymology and protein 


^^^fractionation. There are also adjacent facilities shared with '- V 
|5p£two other investigators; a large cold room, a hot room, and a 
||j(|*-£-preparation room. Equipment in the laboratory of the principal 

investigator includes a liquid scintillation spectrometer, Gilford 
spectrophotometer with linear transport for gel scanning, fraction 
collectors and an RC-2B centrifuge. .Also available are a Technicon 
^^•Tamino aci'd’analyzer7^Spinco’"L2-50 and Model E analytical ultra- 
centrifuges, and an RCA-EMU-3G electron microscope. 
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